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CONVERSION FACTORS

English to Metric System (SI} of Measurement

English unit
inches {in)or("}

feet (ftlor(')
miles (mi)

square inches’{in?)
square feet (ft2)
acres

gallons (gal)
cubic feet (ft3
cubic years {yd?)

cubic feet_per
second (ft3/s

gallons per
minute (gal/min)

pounds {1b)

miTes per hour (mph}
feet per second (fps)

feat per secogd
squared (ft/s%)

acceleration due to
forcezof gravity (G}
(ft/s%)

(1b/£t3)

pounds (1bs) .
{100 1bs) kips

British termal
unit (BTYU)

foot-pounds (ft-1b}
foot-kips {ft=k)

inch-pounds (in=1bs)
foot-pounds {ft-1bs)

pounds per square
inch (psi)

pounds per square
foot (nsf)
atmosphere

kips per sguare
inch square root

inch {ksiv/n)

pounds per square
inch square root

inch {psi/in}
degrees ()

degrees
fahrenheit (F)

Muitiply b

25.40
02540

.3048
1.509

6.432 x 1074

09290
4047

3.785

.02832
.7646

28.317

.06309
4536
4470
3048

.3048

9.807
le.02

4.448
4448
1055

1.356
1356

.1130
1.356
6895
47.88
98.7

1.0988

1.0988
0.0175

T+ - 32 = +C

Jo _get metric equivalent

millimetres {mm)
metres {m)

metres (m)
kilometras (km)
square metres (mz)
square metreas (mz)
hectares (ha)
litre (1)

cubic metras (m3)
cubic metres (m®)

litres per second 1/s)

litres per second (1/s)
kilograms (kg)

metres per second {m/s)
metres per second (m/s})

metres per sscond
squared (m/s%)

" matres per sgcond

squared (m/s*)

kilograms pgr cubic
metre (kg/gg)

newtons (N)
newtons (N}

joulaes (J)

. joules (J)

Joules (J)
newton-metres (Nm)
newton=-metres (Nm)
pascals (Pa)
pascals (Pa)

centibar

mega pascalsymetre (MPavm)

kilo pascals/metre (KPavm)
radians (rad)

degrees celsius (°C)
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DEFINITIONS

Centibar = A unit of pressure equal to 0.01 bar or to 1000 pascals.
Symbolized cb

Bar = A unit of pressure equal to 105 pascals, or 109 newtons per
square meter, or 106 dynes per square centimeter. It is
slightly less than one atmosphere, about 0.,98697 standard
atmosphere.

Pascal = A unit of pressure equal to the pressure resulting from a
force of 1 newton acting uniformly over an area of 1 square
meter. Symbolized Pa

Field

Capacity = Occurs when the soil retains the maximum amount of water with
little or no further loss of water by drainage or loss of
gravitational water.

i
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1, INTRODUCTION

In recent years, faced with rising water costs and increased water short-
ages, the California Department of Transportation (Caltrans) has undertaken
several research projects directed at reducing the present consumption of
potable water used in the irrigation of highway landscapes. Included were
studies on drip irrigation systems, the use of reclaimed wastewater, and
different techniques associated with brogramming the automatic irrigation
controllers.

In 1983 the Caltrans 0ffice of Highway Maintenance requested the Q0ffice of
Transportation Laboratory (Translab) to conduct a research project to deter-
mine the feasibility of using moisture sensing devices to regulate automated
irrigation systems. In April 1984, the Federaliy funded research project
(R83HM23) entitled "Moisture Sensors and Their Place in Highway Plantings"
was approved. In January 1987, a supplemental State financed project, with
the same title, (56-627151) was approved to provide additional funding for
extended testing and analysis of the sensing devices.

This report has been prepared to fulfill the requirements of both the
Federal and State funded projects. '
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2. OBJECTIVES

1) Develop a laboratory prototype system in which a wide variety of
moisture sensors could be tested. They will be rated as to their
installation and maintenance requirements plus reliability in regards to
their use within a highway landscape.

2) Conduct a field investigation of the various sensors selected from the
prototype system, to determine if they can successfully be integrated into
an existing highway landscape irrigation system,

3) Determine possible water savings if the moisture sensors praove

successful.

4) Develop general guidelines based upon the findings of this report on the

use of moisture sensors within a highway landscape irrigation system.

www . fastio.com
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3. CONCLUSIONS AND BENEFITS

1) Of the ten moisture sensors investigated in the prototype system, four
(Watermatic, Watermark, Hydrovisor, and Hydrodyne) achieved satisfactory
results in the installation and maintenance requirements and were considered
reliable. A fifth, Hydromaster, although not thoroughly tested, appeared to
have the attributes to be considered in either further investigations
involving moisture sensors or actual field installations,

2} Three sensors, Watermark, Hydrovisor and Hydrodyne were investigated at
two field test sites, Sacramento and Oakland. The Watermatic sensor was not
included in the field investigation due to the anticipated unavailability of
equipment,

3) The three sensors tested provided acceptable installation and relia-
bility results in their usage of overriding individual irrigation valves.
No special equipment was needed for the installation of the units and all
functioned properly during the test period. No maintenance was required
once calibration of the units was completed.

4) A1l sensors showed water savings over allotted irrigation times varying
from 10 to 72 percent. However, this savings was dependent upen the
scheduled irrigation times. Some of the savings encountered at the
Sacramento field site did not accurately reflect the actual water savings
due to adjustments made on the allotted times to certain stations involved
in the investigation.,

5) At the Sacramento field site it is estimated that if installed on a
permanent basis a water savings of 10 to 20 percent could be obtainable. At
the Oakland site it is estimated that 10 to 50 percent reduction could be
obtained.

6) Although the use of certain moisture sensors within a highway landscape
environment has been proven reliable with low maintenance requirements, this

www . fastio.com
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study only investigated the use of one moisture sensor per irrigation valve.
Due to the cost requirements, it is anticipated that in most instances one
sensor per valve would be too cost prohibitive.

Benefits:

The benefit derived from this research project is the reduced amount of

water needed for landscape irrigation. This translates into a reduced cost
for water used by Caltrans.
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4. RECOMMENDATIONS

1) That the Watermark, Hydrovisor, or Hydrodyne moisture sensor be retro-
fitted into existing highway landscape irrigation systems and incorporated
into the design of new systems to reduce present water consumption rates an
estimated 10 to 50 percent.

2) That the moisture sensors be installed in conjunction with any 24-volt
electrically operated irrigation valve with any type of irrigation system;
overhead, bubbler, drip, etc. Limitations include Tocations where the valve
and sensor are separated by a roadway or sidewalk or where sensors might
create excessive or insufficient water pressure when booster pumps are
utilized in the irrigation system.

3) That moisture sensors be used with any type of vegetation; trees, shrubs
or groundcover. Care must be exercised when determining the location for
the sensor. A location that is representative of the entire watering area
affected is required.

4) That the installation prbcedures follow those outTined in the
"Guidelines" chapter of this report.

5) That, at this time, the existing controller programmed irrigation
schedules remain unchanged when using moisture sensors,

6) That training classes bé developed that will instruct Tandscape
maintenance and design personnel on all aspects of the use of moisture
sensors.

7) That an additional study be conducted to determine the feasibility of
connecting one sensor per controller. Included in this investigation should
be the interconnecting capabilities of the previously tested sensors with
existing irrigation equipment, the placement of the sensor, and proper water
schedules for the irrigation controllers. Included in this study should be
the Watermatic and Hydromaster moisture sensors. '

www . fastio.com
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5. IMPLEMENTATION

Copies of this final report will be distributed to Caltrans District and
Headquarters Offices and the Federal Highway Administration for implementa-
tion. Information derived from this research study will be made availabie
to landscape designers and landscape maintenance personnel to improve the
efficiency of both new and existing landscape irrigation systems through the
use of moisture sensors, The Offices of Landscape Architecture and Highway
Maintenance will be responsible for implementing the recommendations and
findings of this study. TransLab personnel will assist with technical
problems as requested, including statewide training sessions for Caltrans
maintenance and design personnel. The results of this study may also serve

.as the basis for additional studies concerning the use of moisture sensors

in highway landscape systems.
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6. BACKGROUND

In order to develop an effective and efficient irrigation management program
the quantity of moisture present in the soil matrix, under consideration,
must be easily extractable. The moisture content can be used as a guide for
the frequency and duration of irrigation cycles depending upon the vegeta-
tive requirements. Too much water can deprive the root structure of an
adequate oxygen supply which can lead to death, not to mention being a
wasteful water practice. Too little water induces undue stress on the
vegetation slowing growth and reproduction, and if severe enough, can cause
irreversible damage or death. ' '

Historically, the moisture content was acquired by obtaining a soil sample
then weighing, drying, and reweighing it. Although labor intensive and time
consuming it provided a basis for irrigation scheduling.- As irrigation
management became more advanced, faster and easier methods for determining
the in situ moisture content were needed,

The development of soil moisture sensing equipment began as early as 1897
but did not gain much momentum until the late 1930's. The information
obtained was almost exciusively used by the farming industry as an aid in
maximizing crop production. Not until the drought of the mid 1970's was the
usefulness of the moisture sensing devices realized by the landscaping
industry as well.

6.1 Types of Moisture Sensors

A variety of moisture sensing devices currently exist which measures the
water content of soils in different and unique ways. These include elec-
trical resistance sensors, tensiometers, thermocouple psychrometers (1),
heat dissipation sensors (1), specially designed nuclear devices (2),
infrared sensors (3), and ultra-sensitive microphones which can detect high
frequency sound emitted by vegetation under stress (4). However, only the
electrical resistance and tensiometer moisture sensors were investigated in
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tﬁ%g'report.' The other types were considered too sophisticated and
impractical for use in a highway landscape environment at this time. More
information on the sensors used in this investigation are in Appendix A.

Moisture sensor measurements can be classified into two basic categories,
passive or active. Passive measurement moisture sensors can only be used to
obtain the soil moisture readings, which in turn can be used to develop an
irrigation schedule. Active measurement sensors have the capability of
overriding automatic irrigation equipment, initiating or terminating water-
ing cycles when a predetermined moisture level is detected. Depending upon
the specific sensor model, the soil moisture readings may also be obtain-
abTé with active measurement sensors,

6.,1.1 Electrical Resistance

Dating back to 1897, the first electrical resistance moisture sensor was
developed (5). It consisted of two electrodes buried within the soil struc-
ture. The resistance to the passage of a current through the soil was
measured and the amount of water determined.

Since that time, many attempts of perfecting a sensor based on this concept
have been developed. In 1939 Bouyoucos and Mick (6) introduced a sensor
consisting of two electrodes encased in a porous gypsum material., The
gypsum blocks, although providing semi-accurate results, were affected by
changes in the salinity of the soil and decomposed rapidly under moist soil
conditions. Other materials including fiberglass (7) and nylon (8) were
investigated along with using shielded and concentric electrodes {9).

Nith the advances in electronics and computerization in the last decade, and
with the market expanding to include the landscaping industry, a variety of
new sensors have been developed offering many advantages over the earlier
versions. However, the principle remains unchanged.
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6.1.2 Tensiometers

Tensiometers are air-tight systems consisting of a water-filled tube,
usuaily plastic, with a porous ceramic tip at one end and a pressure gauge
or switchihg mechanism at the other. When installed the system is origi-
nally at atmospheric pressure. 1In dry soils the water is drawn out of the
tube creating a vacuum; the drier the soil, the greater the vacuum. This
vacuum can either be registered on a pressure gauge or converted into volt-
age through a pressure transducer and used to override irrigation equipment.
As irrigation replenishes the water supply within the soil, water is drawn
back into the system, reducing the vacuum.

The major disadvantages of tensiometers, as reported by Slater and Bryant
(10) and Storm and Younos (1), are high maintenance requirements, ineffec-
tiveness in drier soils, and inability to operate under freezing weather
conditions.

6.2 Previous Caltrans Installations

A total of six different moisture sensors have been investigated in previous
attempts by Caltrans landscape architects and maintenance personnel through-
out the state. These include the Irrometer and Hydrovisor in Pasadena,
Aquascan in Oakland, Watermaster in Templeton {(San Luis Obispo County), and
Moisture Miser and Hydrodyne in San Diego.

6.2,1 Irrometer (11)
Installed in a newly developed landscaped area, between six and eight

Irrometer moisture sensors were installed on Route 7 in Pasadena and
connected to an automatic irrigation controller. Operation and monitoring,

- conducted by District 7 (Los Angeles) maintenance personnel, began in August .

1980 and continued until August 1981,
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Landscape maintenance personnel reported that each time the units were
checked (approximately once a week) they were dry and needed to be refilled
with water. Also, during the winter months it was noted that the units
allowed irrigation even after substantial rainfall had occcurred. Mainte-
nance effort needed to keep them operational became so excessive that the
units were disconnected in August 1981.

The conclusions of this one year monitoring program include: (1) the units
did not justify the manufacturer's claims of 50% to 60% water savings, (2)
the units did not react quickly enough during the rainy season, (3) the
units were a maintenance burden, and {4) a better design is needed; the
Irrometer is designed to turn off the system and to not allow for irrigation
when the vacuum is lost (i.e. no water in the tube).

6.2.2 Hydrovisor (1l)

In conjunction with the Irrometer installations, eight Hydrovisor solid
state tensiometers were installed in an adjacent area along Route 7 and
connected to an irrigation controller. Monitoring was conducted August 1980
through August 1981. In April 1981, all of the units were manually checked
by removing them from the ground and immersing them in water. Six of the
eight were found to be nonfunctional.

Results from the Hydrovisor investigation include: (1) the units did not

attain a water savings of 50% to 60% as stated by the manufacturer, (2) the
units did not react quickly enough during the rainy season, (3) since there
were ho gauges on the sensing units each had to be unearthed and immersed in
water to check if they were still functioning, and (4) 75 percent of the
units became defective within a one yeér period.

6.2.3 Aquascan (12)

Installed in 1981 in an existing landscaped area along I-980 in Oakland, the

Aquascan microprocessor and moisture sensor probes were monitored throughout

10
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the 1982 watering season by District 4 (San Francisco) landscape maintenance
personnel. Results of the first year's evaluation indicate that there was
almost a 50 percent water savings over water usage in 1979. No operational
problems were reported. The sensor probes only had a useful Tife of one
year at which time they had to be replaced (approximately two dollars per
set). Maintenance personnel considered the replacement of the probes no
problem at the time,

In subsequent conversations with landscape personnel it was discovered that
technical problems with the Aquascan controller developed in 1983, 1In
attempting to contact the manufacturer they discovered Aquascan had gone out
of business, At that time the unit was removed and replaced with a standard
Caltrans irrigation controller.

6.2.4 Watermaster (13)

In the spring of 1984, two Watermaster water-filled tensiometers were
installed at the south-bound San Anselmo off-ramp of Highway 101 in
Templeton, and two more were installed at the northbound Camp Roberts Safety
Roadside Rest Area (SRRA) by District 5 (Santa Barbara) maintenance person-
nel. The units were not connected to irrigation controllers, but the
information cbtained was to be used to develop irrigation schedules for the
area. Monitoring occurred throughout the summer of 1984. The various
reasonshleading to the discontinuance of these units are discussed below.

Maintenance personnel reported that the two sensors located at the San
Anselmo off-ramp were requiring the addition of water approximately every
five days. The area in which the sensors were located was noted as contain-
ing considerable quantities of fractured rock and did not appear to be an
ideal locations for the moisture sensors.

The sensors installed at the SRRA were located in the middle of a grassed

area which obtained reqularly scheduled irrigation. The maintenance
personnel contacted stated that the sensors were always reading "10",

11
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Cin iCating”élSaturated'cbhdition.' This would lead one to believe that

either excessive irrigation or improper maintenance of the equipment was
occurring; neither could be confirmed. !

6.2.5 Moisture Miser (14)

A Moisture Miser sensing unit was installed at the District 11 (San Diego)
office in the spring of 1984, At the time of the installation landscape
work was being conducted in the area and the sensor was not connected.
However, it was anticipated to be working prior to the 1985 watering
season.

Landscape work continued throughout 1985 and in early 1986 it was discovered
that the company that manufactured and marketed the Moisture Miser had gone
out of business and the study was dropped.,

6.2.6  Hydrodyne (15)

A Hydrodyne moisture sensor was installed by District 11 (San Diego)
personnel and connected into a highway irrigation system at the base of the
Coronado bridge located in San Diego during the fall of 1985. No records
were kept of the quantity of water used or saved while the unit was in
operation. However, conversations with maintenance personnel in charge of
the area indicated that the unit was functioning properly with no problems;
the vegetation was receiving adequate water and no runoff was being noticed.

12
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7. PROTOTYPE SYSTEM

Due to the past unsuccessful attempts of using moisture sensors within
Caltrans, a prototype system was developed at TransLab to determine which
type, if any, of the currently available moisture sensing units could be
successfully used in conjunction with highway landscape irrigation systems.
Although the goal of using moisture sensors is to be able to reduce the
present consumption of irrigation water within the state, the prototype
system portion of the investigation was not concerned with the water savings
potential. The main objective was to obtain the necessary information per-
taining to the installation and operatioda] characteristics of the various
sensors before field testing of the units could be conducted.

To achieve this objective, the prototype system consisted of three phases:
instaliation procedures, operational characteristics and reliability, and
the development of a rating system. From the data collected during the
installation and operation portions of the laboratory evaluation, each
sensar was appropriate1y ranked. Those sensors meeting the minimum
requirements were then selected for the field evaluation portion of this
project. '

7.1 Site Description

The prototype system developed at TranslLab encompassed an area approximately
30 by 45 feet. The soil gradation results {Figure 7.1), indicated that the
soil was a sandy loam. The soil did not drain well due to cementing of the
soil particles. A soil nutrient test indicated that no additional
fertilizer or soil amendments were required.

An automatic irrigation system was installed, including a 15 psi. pressure
regulator, a 150 mm mesh in-line filter, ten irrigation control valves, a '
Rainbird 12-independent station controller, and the Aguascan microprocessor
controller (Figure 7.2). The Rainbird controller was used to operate seven
irrigation valves while the Aquascan controller operated three. A single

13
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‘Laboratory Prototype System
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mini:jet'spFéﬁﬂémiiteE (0.254 gallons Sér minute) was used at each planting
and arranged so that over spray of the plants would not occur. During the
course of the investigation several changes were made in regards to the
testing program which dictated slight modifications to the irrigation
system,

The vegetation selected for use in this portion of the research work
consisted of English Ivy (Hedera helix) and Photinia fraseri (commonly
referred to only as Photinia). ' The difference in the active depth of the
root zones, 2 to 3 inches and 10 to 15 inches, respectively, and the fact
that both species are widely used in Caltrans' landscapes were the basic
criteria for their selection.

Ten 5-gallon Photinias were transplanted in March 1985, and positioned in
two rows, labeled 1-A through 1-F, and 2 through 5, along with five

3 by 3-foot plots of ivy labeled 6 through 10 {Figure 7.2). Plantings 5 and
10 were used as the control sections. These numbers will be referred to
throughout the remainder of this report.

A hatering schedule of ten minutes per cycle, three cycles per day and seven
days per week was established at the onset of the project and remained
throughout the entire experiment. This schedule, although, unrealistic for
standard watering practices, allowed numerous start times in which the
responses Bf‘the various sensors could be examined.

7.2 Moisture Sensor Installations and Operations

Ten different moisture sensors were incorporated into the prototype system:
1) Soiimoisture Block, 2) Irrometer, 3) Watermaster, 4) Aquascan,

5) Watermatic, 6) Watermark, 7) Hydrovisor, 8) Moisture Miser, 9) Hydrodyne,
and 10) Hydromaster. Originally, only the first seven sensors were to be
investigated, but sensors # 8, 9, and 10, developed and marketed since the
onset of the project, warranted inclusion into the prototype system. A
description of each sensor is given in Appendix A.

16
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After a]]owing the vegetation to become established, the seven original
sensors were installed during June 1985. The other three, Moisture Miser,
Hydrodyne, and Hydromaster were integrated into the system in December 1985,
January 1986, and September 1986, respectively. The quantities and place-
ment of the various sensors that were utilized are shown in Table 7.1.

Table 7.2 Tists the key installation constituents and summarizes the
problems encountered with the various sensors while establishing the
prototype system.

Monitoring of the sensors began on July 15, 1985 and continued until July 9,
1986, Observations were conducted daily until October and triweekly
thereafter. The data collected is presented in Appendix B.

During the course of the investigation, several of the sensors became
damaged and nonoperational. It was also discovered that two of the manufac-
turers had gone out of business. Table 7.3 summarizes these results and
Table 7.4 sunmarizes the attributes of the individual sensors.

7.2.1 Soil Moisture Blocks

As previously discussed, moisture sensor measurements are divided into two
categories, active or passive, Since the Soilmoisture Blocks are passive
measurement sensors only, 38 sensors were installed to determine if the
other active measurement moisture sensors did in fact accurately respond at
their predetermined moisture settings. Three sensors were located at each
of the Photinia plantings at depths of 8, 12, and 20 inches. Two sensors
were placed at each of the ivy plots, except at p1ant1ng 10 where none were
installed. The sensors were placed at a three inch depth.

No problems were encountered with the installation of the units, Care had
to be exercised when placing the sensors that the wire connections were not
damaged. A hand held meter was required to obtain the moisture readings.

" The data obtained during the first several months of the experiment showed

that no correlation between the Soilmoisture block sensor readings and the

17
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Tabie 7.2
INSTALLATION CONSTITUENTS AND PROBLEMS

& *

' "’i’ YR

S8/ 8¢ \‘?‘?@8 §S

Soilmoisture

Blocks No [YesZ | N/A | Yes
{Irrometer Yes Yes3 No Yes
Watermaster Yes No No Yes
Aquascan No No Yes | No
Watermatic No |Yes?® | N/A | Yes
Hydrovisor Yes No Yes | Yes
Watermark Yesl jYesZ | No | Yes
Moisture Miser|Yesl }Yes3,5! Yes | No
Hydrodyne Yesl }YesZ | No | Yes
Hydromaster |Yesl | No N/A | Yes

(1) Can use existing valve box for equipment storage.
(2) Meter required to obtain readings.

(3) Hand-held pump required.

(4) Special bending compound required.

{5) Co-axial cable required.

19
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“Table 7.3
QUANTITY OF INSTALLED AND DAMAGED UNITS

&
& é’ > &
2,
23/ o/ Es/ $3/ &5
Qe "‘;“ ) 2 9% §\" &
.sé," "*{'? '-S' é‘?'s é{bo beo
5 S F&/ %8
Soilmoisture
Blocks 38 10 9 19 50
Irrometer 4 0 1 3 75
Watermaster 5 5 0 0 0
Aquascan (1) 3 3 0 0 0
Watermatic 2 0 0 2 ] 100
Hydrovisor 2 0 0 2 [ 100
Watermark (4) 6 1 0 5 83
Moisture Miserf 1 0 1 0 0
(2)
Hydrodyne (3) { 1 ‘- 0 14§ 100
Hydromaster 1 - 0 1} 100

(1) Went out of business prior to the prototype study.
(2) Installed December 1985.

{3) Installed January 1986.

(4) Installed September 1986.
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moisture readings obtained from the other sensors could be made. The major

factor was determined to be the installation procedure of the various sen-
sors, If the soil removed during the sensor installation was not properly
recompacted a difference in the permeability of the soil would be expected
and different moisture readings would be anticipated. At that time it was
decided that in lieu of checking the accuracy of the active sensors with the
Soilmoisture Blocks the religbility of the sensors would be checked through
visual observations of the soil moisture content and frequency of
irrigation.

0f the 38 Soilmoisture B10cks installed in 1985, 19 were no longer func-
tional at the end of the study; ten were damaged in 1985, with the other
nine failing in 1986, Inadequate connections between the wire leads and the
probes and excessive deterjoration of the gypsum used to encase the probes
were the suspected reasons for the high rate of damage.

7.2.2 Irrometer

A total of four Irrometers were installed at three of the Photinia
plantings; one each at plantings 2 and 4, and two at planting 3. The sensor
tips for planting 2 and 4 were placed at a depth of 11 inches. The sensor
tips at planting No. 3 were installed at depths of 11 and 14 inches.

Although capable of automatically overriding irrigation vaives, the water-
filled Irrometers were not connected due to the previously described
maintenance problems (Section 6.2.1). During the first part of the testing
program, it was intended to verify whether an unreasonable amount of mainte-
nance was required. If maintenance presented no particular problem, the

~sensing units would then be connected to the irrigation valves.

Installation of Irrometers required the use of an underground, enclosed box
for protection from inadvertent or vandal damage. In addition, a special
hand-held pump, used to extract the air from the system, was required when
filling or refilling the Irromete} with water,

22
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During 1985, all four of the sensors réquired the addition of water weekly.
Due to the excessive amount of maintenance required, the Irrometers were not
connected to the automatic irrigation equipment, as discussed.

At the end of the study period, only one of the units was nonfunctional.
The damage was limited to the breakage of the rubber seal on the filler
cap.

7.2.3 Watermaster

Five Watermaster moisture sensors were installed; one each at plantings 7,
3, and 9, with two at planting 6. All were installed at a 3 inch depth,
except the second sensor at planting 6 which was placed at a 5 inch depth.
None of the Watermaster sensors were connected to irrigation equipment at
this time due to the susbected maintenance problems.

As with the Irrometer sensors, the Watermaster field installations required
the use of an enclosed box to protect the units from damage.

The Watermaster tensiometers also required an excessive amount of mainte-
nance. During July 1985, water was added to the units every two to three
days. In addition, all five of the vacuum gauge assemblies became inopér-
able during the first two months of operation. Water vapor was noted inside
several of the vacuum gage mechanisms prior to failure. It was decided to
discontinue the testing of the Watermaster sensors in August 1985.

7.2.4 Aquascan

Plantings 1-A through 1-F were to be used in a two-part study with the
Aquascan microprocessor controller. With the use of two sets of probes; one
set placed approximately 40 feet apart; the other set, 4 feet apart, it was
intended to determine which distance provided a more accurate measure of the
irrigation requirements for the area.

23
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One set of probes was placed at either end of row 1, at a depth of 10

-inches, with the second set installed on either side of pianting 1-D, again

at a depth of 10 inches. Each sensor reqgulated a separate valve used to
irrigate all six shrubs. ‘During the first half of the 1985 irrigation
season, the probes set 40 feet apart were to regulate the first valve and if
an insufficient moisture level was detected, to initiate irrigation. The
second set of probes would then be used as a check; to see if the soil
moisture content had reached a satisfactory level. During the second half
of the -irrigation season the roles of the two sets of probes would be
reversed.

At planting 9, one set of Aquascan probes was installed at a depth of 3
“dinches, 4 feet apart.

Problems with the initfa] adjustment of the moisture levels were encountered
with all three sets of probes. Although there was a fully adjustable mois-
ture range on each set of probes, the valves activated by the respective
probes would either remain on or off continuously for a two to three week
period until the probes were readjusted. No happy medium was ever found.
The instructions that éccompanied the unit were unclear and required addi-
tional information in both the ifstallation and operation procedures,.

Having learned that the Aquascan manufacturer had gone out of business, it
was decided to discontinue the testing of the Aquascan moisture sensor.

7;2.5 Watermatic

A preset, nonadjustable, 15 kPa (1kPa = lcb)} Watermatic moisture sensor was
installed at plantings 2 and 6 at a depth of 9 and 3 inches, respectively
and connected to the irrigation valves. A special bedding compound, recom-
mended by the manufacturer to ensure a complete bond between the sensor and
the soil, was also used during the installation procedure.

No operational or maintenance related problems were encountered with either
of the Watermatic sensors throughout the study period. The accuracy of the
switching point was not defermined due to the lack of correlation between
the various sensors. ' -
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7.2.6 Hydrovisor

A 20-30 cb Hydrovisor moisture sensor was installed at a depth of 4 and 10
inches at plantings 7 and 3 respectively om July 15, 1985. On August 12,
1985, the sensor at planting 3 was relocated to a depth of 7 inches after
having allowed excessive irrigation to occur. Before replacing the sensor
the unit was checked and found to be functional. Since the Hydrovisors are
nonadjustable the depth had to be varied to allow for accurate watering
requirements. No problems were encountered with the sensor at planting 7.
Both were still functional at the end of the investigation during July
1986.

The Hydrovisor units were required to be installed with the override switch,
located on the end of the unit, enclosed in a valve box.

7.2.7 Watermark

At planting 4, two Watermark moisture sensbrs were installed at depths of 10
and 20 inches on July 15, 1985, At the time of installation, the electronic
module, used to override the irrigation valve had not been received from the
manufacturer. The module was received in August 1985, and connected to the
10 inch deep sensor at the 35 cb preset level. The other sensor remained at
the 20 inch depth and was used to monitor the movement of water at the
deeper level. This unit became inoperative due to a break in one of the

wire leads in September 1985. A third sensor was installed in November 1985

at 14 inches.

At planting 8, two Watermark sensors were installed at depths of 3 and 8
inches. In August 1985, the electronic module was connected to the
3-inch-deep sensor, also at the 35 cb Tevel. The deeper sensor was again
used to monitor the movement of water.

A single Watermark sensor was installed at planting 5, at a depth of 10
inches, to monitor the water movement in the control section.

25

www . fastio.com


http://www.fastio.com/

ChhPD

Besides the'%ne'sensor at'b1antihg 4, no other installation or operational
probTems were encountered the remainder of the study period.

7.2.8 Moisture Miser

Due to problems with the Aquascan microprocessor unit, previously discussed
in Section 7.2.4, the Moisture Miser moisture sensor was installed at
planting -1-D in December 1985 at a depth of 8 inches. A slight modification
to the irrigation system wa§ made at this time.

The Moisture Miser required the use of coaxial cable to connect the sensor
to the control unit. No other special equipment was needed.

Several unsuccessful attempts were made to adjust the moisture level on the
Moisture Miser contrel unit, The manufacturer was contacted by telephone
and the additional information that was recejved also provided unsatisfac-
tory results, Attempting to contact the manufacturer a second time proved
unsuccessful, It was learned that they had gone out of business. The
Moisture Miser moisture sensor was then dropped from the prototype system.

7.2.9 Hydrodyne

A Hydrodyne moisture sensing unit was installed at planting 1-E in January
1986, at a depth of eight inches. No problems were encountersd. The
problems with the Aquascan unit (Section 7.2.4) allowed for the inclusion of
this sensor,

Due to the time of the year in which the sensor was installed, the adjust-
able Hydrodyne unit was set at a higher than normal setting. The upper and
lower levels were periodically adjusted both up and down to determine the
accuracy of the switching mechanism,

From the data in Appendix B it can be seen that on several occasions the )
measured moisture readings were higher than the upper level setting. This
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occurred due to rain., Throughout the prototype study the switching point
was within the upper and Tower settings.

7.2.10 Hydromaster

Manufacturer related problems associated with the Moisture Miser sensing
unit (discussed in Section 7.2.8) led to the replacement at planting 1-D
with the Hydromaster nonadjustable moisture sensor, in September 1986. The
unit was installed at a depth of eight inches. Although the testing of the
other moisture sensors was concluded in July 1986, the Hydromaster appeared
to have sufficient attributes to warrant inclusion into the prototype system
at this time. '

No problems were encountered or special equipment required while installing

this unit. Since it was received and installed in September 1986, it did

not allow for a thorough investigation of this unit prior to completion of
the project. However, during the two months that the unit was examined at

the Taboratory prototype system, no operational or maintenance brob]ems were
encountered,

7.3 Rating System

The rating system developed at the onset of the investigation included the
more important attributes of the sensors, in regards to highway landscape
applications, and the performance of each sensor during the prototype study.
Listed below are the seven headings that were selected and the number of
points assigned to each; the greater the points, the more important the
topic. A score of 50 was established as the minimum requirement for
inclusion into the field investigation portion of this project.

1) Reliability. Was the sensor reliable in regards to Yes = 30
functional performance as determined in the prototype No = 0
system? (More than 80 percent functional at end of
study.)
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) Maintenance tequirements. Was little or no maintenance Yes = 20

required during the prototype investigation? No = 0
3) Override switch. Did the sensor have an override Yes = 20
switch so that irrigation could be performed even No = 0

'though sufficient moisture is detected?

4) Adjustable. Could the unit be easily adjusted to Yes = 10
different moisture level settings? No = 0
5) Manufacturer/deaTer available. Was the manufacturer Yes = 10
or a dealer available? No = 0
6) Temperature affected. Were the units able to withstand Yes = 5
temperature extremes (hot or cold) without damage? No =
7) Special equipment. Was any special equipment needed Yas =
" to effectively operate and maintain the units? No = 5

A1%hough the prototype system was operated until July 1986, the rating of
the various sensors was conducted in May of that year due to the time con-
straints of the second portion of the hroject. At that time the Hydromaster
had not yet been received and, therefore, was not included in the rating
system.

The rating of the sensors tested in the prototype investigation is shown in
Table 7.5. Four sensors obtained a minimum of 50 points, Watermatic, Hydro-

| visor, Watermark, and Hydrodyne and were selected for the proposed field
investigation portion of the study.
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8. FIELD EVALUATIONS

A field investigation of the selected moisture sensors previously tested
allowed‘for the acquisition of data that was required prior to the estab-
Tishment of an implementation program. The major objectives in this portion
of the research project were to (A) determine the proper installation proce-
dures within a highway landscape irrigation system and (B) determine and
correct any unforeseen problems that might occur in the operation and
maintenance of the sensors, (C) evaluate the performance of the sensors
within the highway landscape environment and (D) determine the amount of
water savings that the use of moisture sensors may generate.

In determining locations for the field study sites, the following criteria
were considered:

(1) A minimum of two sites should be used; one in a hot, dry climate,
indicative of the central vailey, and one in a mild climate, typical of
the San Francisco Bay area.

(2) The vegetation should consist mainly of a ground cover, specifically
ice plant (Carpobrotus edulis) due to its wide usage within Caltrans.

(3) Southern or western exposed slopes would be preferred, however, a top
slope which receives significant sunlight exposure would be
acceptable,

{5) Irrigation Tines should be located at the top of the slope.

(6) Soil types within each location should be consistent.

(7) The sites should be within a one-hundred mile radius from Sacramento.

(8) Landscape maintenance personnel responsible for the selected sites need
to be enthusiastic about the prospect of using moisture sensors.
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sites were 1océted“th§t met all of the aboVe; Site 1, along US 50 in
Sacramento and Site 2, along Route 24 in QOakland (Figure 8.1).

The manufacturers and/or dealers of the four sensors, Watermark, Hydrovisor,
Hydrodyne, and Watermatic, were contacted to obtain new, off-the-shelf
sensors for installation at the two study sites. Two sensors were obtained
from each, except Watermatic. Conversations with the dealer (located in
Southern California) marketing the Australian bésed Watermatic moisture
sensor led the researchers to believe that the manufacturer was having
difficulty with his company and might not be éble to supply sensors in the

‘future. With the consent of all research coordinators, the Watermatic

moisture sensor was dropped from the study at this time.

8.1 Sacramento Field Investigation

8.1.1 Site Description

Site 1 of the field investigation stﬁdy was located along the south side of
US 80, between the 39th Street undercrossing and the 59th Street off-ramp,
near downtown Sacramento. Although the Tocation only offered a north facing
slope, ample room existed at the top of slope where the sensors were
installed. The south facing slope of US 50 at this location was not an
acceptable site due to the excessive amount of hardpan present on the cut
slope face. No hardpan was encountered on the north facing stope.

The vegétation throughout the site consisted primarily of ice plant with ivy
1ocated under the overcrossings at 48th and 5lst Streets, and a variety of
10 to 30 foot tall trees situated along the top of the slope. The ivy and
trees were watered with separate irrigation systems independent of the ice
plant irrigation systems. Figures 8.2 and 8.3 are typical of Site 1.

Three independently operated Griswald automatic controllers, F, G, and I,

wére used to control the irrigation systems at the Sacramento field investi-
gation location. Rainbird over head impact sprinklers, 14 to 16 per valve,
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Field Investigation Sites
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Route 24 - QOakland

FIGURE 8.1
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Figure 8.2
Typical View of Sacramento Site

Figure 8.3

Typical View of Sacramento Site
33
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were used throughout the site.'-The measured output halfway between two
sprinklers ranged from 0,21 to 0.35 inches per hour.

Soil analyses at the three sensor locations and the control section were
performed (Figure 8.4). The soil at all of the sensor locations were
relatively consistent ranging from loam to silty loam.

8.1.2 Sensor Instaliations

On June 2 and 3, 1986 the three sensors, Hydrovisor Hydrodyne, and Water-
mark, were installed at their selected locations (Figure 8.5), within the
active root zone of the ice plant at a depth of three inches. Locations
which received water from two impact sprinklers were chosen as the best
suited locations for the sensors, Manufacturer directions were followed on
the installation procedures. .

On June 13, 1986, after allowing for an acclimatization period the sensors
were connected to their respective irrigation valves: A 20-30 cb Hydrovisor
moisture sensor was connected to valve F-10. The Hydrodyne sensor, origi-
nally set at a moisture level of 65-75 percent was connected to valve G-11.
The Watermark sensor was connected to valve I-4 and set at the 35 cb level.
The control section, irrigated by vaive I-2 was used as a comparison, to
monitor the quality and aesthetics of the vegetation, with the other three
test locations.

Two 24-volt timers were used at each Tlocation to monitor the amount of time
that the valve was scheduled to operate (allotted) and the actual amount of
time that the sensor was allowing the valve to operate (actual).

No complications or unforeseen problems were encountered with any of the
connections or installation procedures. '

Landscape maintenance personnel were briefed on the usage of the sensors and

were instructed to contact the research personnel if any water deficiencies
were noticed or if any changes were made to the irrigation schedules.
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" 8.1.3 Results

Site insﬁections were conducted on a weekly basis beginning June 13, 1986
and continued until the first substantial rainfall on October 21, 1986. At
this time the irrigation controllers were programmed with the winter sched-
ule. At each inspection the 24-volt timer readings were taken and the
sensors were checked to verify that all were operating properly.

During a three week period, from September 15 until October 6, the elec-

tricity and water were turned off. A break in a water pipe servicing the
area which included the test locations required repairs before operations
could resume.

The data obtained from the three moisture sensor locations and at the con-
trol section are tabulated in Tables 8.1, 8.2, 8.3, and 8.4 and graphically
depicted in Figures 8.6 and 8.7. No maintenance or operational related
problems were encountered with any of the sensing units during the
investigation period. '

The Hydrovisor moisture sensor allowed for irrigatibn to occur a total of
3,191 minutes of the allotted 3,556 minutes giving an overall savings of
10 percent. Being a preset sensor, adjustments to the unit could not be
made. The only variation that might have been performed, but was not, was
to either raise or lower the sensing tip to adjust for the water
requirements,

The Watermark sensor originally set a 35 ¢b level was adjusted to the 50 cb
setting on July 7; after it was noted that the soil had ample moisture and
no water savings had occurred. The adjustment was performed to determine
which setting would allow for sufficient irrigation needs without jeopard-
1iing the health and aesthetics of the vegetation. The data in Table 8.2
showed that a significant water savings occurred during the next several
weeks.
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Table 8.1

Sacramento Field Investigation Data - Hydrovisor

: ELAPSED ELAPSE
. TIME FROM TIME FROM
LAST LAST
CONTROLLER  VALVE CONTROLLER VALVE PERCENT
DATE READINGS READINGS  READING READING REDUCTION
(HOURS)  (HOURS)  (MINUTES) (MINUTES)

6-13-86 2.125 1,650 -— ——— -
6-16-86 2.878 2.350 45 42 7
6-23-86 4,300 3.750 86 84 2
6-30-86 6.925 6.300 158 153 3
7-07-86 9.575 3.875 159 155 3
7-15-86 12.850 12.050 . 197 191 3
7-21-86 15,150 14.275 138 134 3
7-28-86 18.400 17.47% 195 192 2
8-04-86 20.725 19.700 140 134 4
8-12-86 23,675 22,550 177 171 3
8-18-86 27.100 25.875 206 200 3
8-26-86 34,100 32,700 420 410 2
9-02-86 41.050 39.450 417 405 3
9-08-86  48.150 43.975 426 272 36
9-15-86 56.000 49,725 471 345 27
9-23-86 56,350 50.050 21 20 5
9-29-86 56,350 50.050 0 0 0
10-07-86 57.950 51.575 96 92 4
10-14-86 60.400 53.850 147 137 7
10-21-86 61,350 54.750 57 54 _5
TOTALS 3566 3191 10
- Notes: (1) A preset, 35 cb Hydrovisor unit installed 6-13-86
{2) Power to irrigation system from 9-15-86 to 10-6-86.
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Table 8.2

Sacramento Field Investigation Data - Watermark

ELAPSED  ELAPSED
TIME FROM TIME FROM
LAST LAST
CONTROLLER VALVE  CONTROLLER VALVE PERCENT
DATE READINGS READINGS  READING READING  REDUCTION
(HOURS)  (HOURS)  (MINUTES) (MINUTES)

6-13-86 2.150 2.150 -— - —
6-16-86 3.800 3.775 99 98 1
6-23-86 6.275 6.250 149 149 0
6-30~86 9,525 9,500 195 195 0
7-07-86 12.825 12,800 198 198 0
7-15-86 17,125 16,075 258 197 24
7-21-86 20,400 19,350 197 197 0
7-28-86 23,675 21.400 197 123 *38
8-04-86  33.925. 24,900 615 210 66
8-12-86 45,800 28,425 713 212 70
8-18-86 51,200 29.100 324 41 a7
8-26-86 63.250 33,875 723 287 60
9-02-86 71.275 36.775 482 174 64
9-08-86 79,000 40,275 464 210 55
9-15-86 90,525 42 .850 692 155 78
9-23-86 90.525 42 .850 0 0 0
9-29-86 90,525 42,850 0 0 0
10-07-86 91,800 44,100 77 75 3
10-14-86  93.850 46,150 123 123 0
10-21-86 96,900 49,200 183 183 _0
TOTALS . 5689 2827 50
Notes: Moisture level set at 35 cb on 6-13-86.

(1)

(2) Moisture Tevel lowered to 60 cb on 7-7-86.

(3) Power off to irrigation system form 9-15-86 to
10-6-86 .
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Table 8.3

Sacramento Field Investigation Data - Hydfodyne

ELAPSED ELAPSED
- TIME FROM TIME FROM
LAST LAST
CONTROLLER VALVE  CONTROLLER VALVE PERCENT
DATE READINGS READINGS READING READING  REDUCTION
(HOURS)  (HOURS)  (MINUTES) (MINUTES)

6-13-86 1.350 1,350 - - -—
6-16-86 1,475 1.475% 8 8 0
6-23-86 3.625 3.575 129 126 2
6-30-86 7.150 6.050 212 149 30
7-07-86 12.050 9.550 - 284 210 : 29
7-15-86 17,625 12.575 3356 182 46
7-21-86 21.050 14,825 206 135 34
7-28-86 24,400 16.100 201 77 62
8-04-86 27.450  17.150 183 63 66
8-12-86 31,575 18.650 248 90 64
8-18-86 33.650 19.300 125 39 : 69
8-26-86 41,250 22.775 456 209 54
9-02-86 46,600  24.700 321 116 64
9-08-86 53.550 28.400 417 222 47
9-15-86 62.400 31.225 531 170 68
9-23-86 62,400 31.225 0 0 0
9-29-86 62.400  31.225 0 0 0
10-007-86 63,600 32.400 72 71 1
106-14-86 65,050 33.750 87 81 7
10-21-86 69,750 35,050 282 78 72
TOTALS 4107 2026 51
Notes: (1) Moisture level set at 65-75 percent on 6-13-86,
. (2) Moisture level Jowered to 50-60 percent on 6-23-86.
(3) Moisture Tevel rajsed to 60-70 percent on 8-18-86.
(4) Power to irrigation system was off from 9-15-86 to -

10-6-86.
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Table 8.4

Sacramento Field Investigation Data - Control

CONTROLLER  ELAPSED

AND TIME
VALVE FROM LAST
DATE READINGS READING
(HOURS) (MINUTES)

6~13-86 2.775 -——
6-16-86 3.800 62
6~23-86 6.250 147
6-30-86 9.525 197
7-07-86 12,800 197
7-15-86 17.300 270 -
7-21-86 20.525 194
7-28-86 23,750 194
8-04-86 26.450 162
8-12-86 30.100 219
8-18-86 31.750 99
8-26-86 35.100 201
9-02-86 37.400 138
9-08-86 39.400 120
9-15-86 42.400 180
9-23-86 42,400 0
9-29-86 42.400 0
10-07-86 42,750 21
10-14-86 43.700 57
10-21-86 45.000 78
TOTAL 2,536

Notes: (1) Power to irrigation system was off from 9-15-86 to
10-6-86.
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"MOISTURE SENSOR IRRIGATION TIMES
Sacramento Field Investigation

June 16 - October 21, 1986
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In Tate July Tandscape maintenance increased the allotted time on the
controller evident by the large increase in controller readings in Table
8.2. Even though the controller allotted times increased, the actual
irrigation times remained relatively constant. A total irrigation time of
2827 minutes was recorded by the 24-volt timer as opposed to a total allot-
ted time of 5689 minutes. Using these values a reduction of almost 50
bercenf was noticed, however this is an unrealistic value due to the large
increase in the allotted irrigation time. This is further discussed in the
next section.

The Hydrodyne moisture sensor was originally set at a 65-75 percent moisture
Tevel but was adjusted on June 23 to the 50-60 percent level. Although
savings of up to 69 percent were achieved over the next eight week period,
the vegetation became stressed and the soil dried out substantially. On
August 18, the moisture setting was increased to the 60-70 percent level
which corrected the deficiency. Maintenance personnel also increased the
allotted time on the controller about the same time. The actual watering
time for the 131 day test period was 2,026 minutes while the aliotted time
was 4,107 minutes leading to a 51 percent reduction.

The contral section was used as a comparison with the other test sections.

The data in Table 8.4 showed that the elapsed time from one reading to the

next remained relatively constant throughout the test period tota]1ng 2,536
minutes by the end of the investigation.

Visual inspections of the test areas were conducted throughout the
investigation. As previously stated, the vegetation in the Hydrodyne
section appeared stressed during the course of the investigation but once
the moisture level was increased, the plants rehydrated and appeared healthy
and undamaged. The control and Hydrovisor sections showed no signs of any
stress occurring during any part of the investigation. The majority of the‘
iceplant at the Watermark test section appeared to have received sufficient
irrigation throughout the test period, however, several specific areas
appeared stressed and to have not received sufficient moisture. These
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deficiencies appedred Tikely to have been caused by inadequate coverage of
the impact sprinklers as opposed to improper adjustment of the sensor,

8.1.4 Discussion of Results

A1l three sensors showed encouraging results as to their usage within a
highway landscape environment. No installation, operation, or maintenance
retated problems were encountered with any of the units and water savings as
compared to the respective allotted times were noted with all sensors.

Theoretically the four locations serviced by the separate irrigation valves
were identical and should have obtained equal amounts of irrigation time.
The data in Figure 8.6 showed that this was not the case. The reason for
the large variation in allotted times was due to the increase in schedules
only .on certain stations of the contrellers. In subsequent conversations
with landscape maintenance personnel, they stated that they had noticed that
several locations within the vicinity appeared not to be receiving adequate
water and increased the times accordingly. They stated that they were
unaware that the sensors were regulating the irrigation cycles and had
assumed the controllers were malfunctioning., Although the Tandscape
personnel were contacted at the onset of the testing program, personnel
changes occurred during the summer months and the new employees were unaware
of the situation and failed to contact the research personnel on controller
time changes.

Even though there were large variations in the allotted times, the actual
watering times did not vary as dramatically. As compared teo the control,
the Watermark and Hydrovisor allowed for 11 and 26 percent more water,
respectively while the Hydrodyne usage was 20 percent less. However, the
vegetation at the Hydrodyne test section was experiencing an excessive
amount of stress that probably would have allowed for degradation of the
vegetation if the moisture level had not been corrected.

a5
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Although the Watermark and Hydrovisor moisture sensors allowed for more
water than what the control irrigated, this investigation showed that these
moisture sensors successfully regulated the water usage even when excessive
scheduling was allowed. It appears that at this location the scheduled
amount of time on the control section was adequate and that if sensors were
installed savings from 10 to 20 percent might be expected.

8.2 QOakland Field Investigation
8.2.1 Site Description

Site 2 of the field investigation study was located along the State Route 24
between the 45th Street and the MacArthur Boulevard undercrossings near
downtown Oakland (Figure 8.1), This site offered a western facing slope in
a mild climatic area, Figures 8.8 and 8.9 are typical of site 2.

The vegetation along the upper one half of the slopes was primarily iceplant
with a scattering of well established shrubs and trees. The lower one-half
was dominated primarily by large shrubs and trees with intermittent patches
of iceplant. The majority of the vegetation appeared healthy with a few
areas which had either been damaged in vehicular accidents or had died back
by not receiving sufficient irrigation. This appeared to be caused by
fmproper sprinkler coverage as opposed to insufficient watering times.

Four automatic Griswald controllers were used to operate the irrigation
system at Site 2. The master controller D, located on the east side of
Route 24, was used to supply power to several satellite controllers in the
adjacent area. Three of these satellite controllers were used in the test
section, D9-A, D1l1-I, and D11-J. Rainbird overhead impact sprinkiers, 6 to
9 per valve were used throughout the test site. The measured water output
halfway between two sprink]érs ranged from 0.40 to 0.65 inches per hour.
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_ Figure 8.8
Typical View of Oakland Site

Figure 8.9

Typical View of Oakland Site
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Soil analyses at the four locations were performed. The soil at the sites
ranged from a sandy clayey loam to a loam as determined by the data shown in
Figure 8.10.

8.2.2 Sensor Installations

On May 21, 1986 the three sensors, Hydrovisor, Watermark and Hydrodyne, were
installed at théir selected locations (Figure 8.11), within the active root
zone of the ice plant at a depth of three inches. Locations which received
water from two impact sprinklers were chosen as the best suited Tocations
for the sensors. Manufacturer directions were followed on the installation
procedures.

On June 19, 1986, after allowing for an acclimatization period the sensors
were connected to their respective irrigation valves: A 20-30 cb Hydrovisor
moisture was connected to valve D9-A2. The Watermark sensor was connected
to valve D11-J1. The Hydrodyne sensor, originally set at 45-5b percent, was
connected to valve Dil-I2. The control section, irrigated by vaive D-1, was
used as a comparison to monitor the quality and aesthetics of the vegetation
with the other three test locations.

Two 24-volt timers were used at each Tocation to monitor the amount of time
that the valve was scheduled to operate and the actual amount of time that
the sensor was allowing the valve to operate. The electrical connections
were identical to those used in the Sacramento field investigation.

No complications or unforeseen problems were encountered with any of the
connections or installation procedures. At the time of the installation it
was discovered that there was no electrical power at two of the stations,
D-1 and D11-J1. Maintenance personnel were notified of this problem at that
time. The electrical problems were not corrected unti] July 23, 1986 at
which time the testing at Site 2 began.
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8.2.3 "Results

Site inspections were conducted on a weekly basis beginning July 23, 1986
and continued until the first substantial rainfall on November 6, 1986, with
the exception of the first weeks in August and September and the third week
in October. At each inspection the 24-voit timer readings were taken and
the sensors were checked to verify that all were operating properly.

Dﬁring a one-week period from September 24 through September 30, the
electricity to the entire system was turned off for reasons unknown,

The data obtained from the three moisture sensor locations and at the con-
trol section are tabulated in Tables 8.5, 8.6, 8.7, and 8.8, and graphically
depicted in Figures 8,12 and 8,13, No maintenance or operation related
problems were encountered with any of the sensing units during the investi-
gative period. On the final inspection, November 6, the Hydrodyne moisture
sensor was discovered to be laying on top of the ice plant. In conversa-
tions with landscape personnel, it was discovered that laborers used to
remove highway litter had gone through the area and inadvertently unearthed
the sensing unit., In actual field conditions this would not be a problem
because all of the wires connecting the sensor would be buried, and markers
that were used in the study to designate the locations of the sensors would
not be present.,

The Hydrovisor 20-30 cb moisture sensor allowed for irrigation to occur a
total of 958 minutes of the allotted 1281 minutes giving an overall savings
of 25 percent (Table 8.5). No adjustments of any kind were made on the
pfesent sensor,

The Watermark sensor was originally set at the 60 cb Tevel. On August 20,
the sensing level was decreased to the 35 cb setting. At the time of the
adjustment the ice plant did not appear stressed but the soil was visually ~
too dry. To this time the sensor had only allowed irrigation of 127 minutes
of the 346 minutes allotted to the valve indicating a 75 percent time
savings (Table 8.6). By adjusting the moisture level on the sensor
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Table 8.5

Oakland Field Investigation Data - Hydrovisor

ELAPSED ELAPSED
. TIME FROM TIME FROM
LAST LAST
CONTROLLER VALVE  CONTROLLER VALVE PERCENT
DATE READINGS READINGS  READING READING REDUCTION
(HOURS)  (HOURS)  (MINUTES) (MINUTES)

7-23-86 7.925 7.600 --- - -
7-31-86 9.350 9.000 86 84 2
- 8-13-86  12.650 12.250 198 195 2
8-20-86 14.100 13.500 87 75 14
8-28-86  15.150 14,525 63 62 2
9-11-86 16.950 16.275 108 105 3
9-156-86 18,250 17,150 78 53 32
9-24-86 19,675 17.500 86 21 76
9-30-86 19,675 17.500 0 0 0
10-16-86  24.950 20.500 317 180 43
11- 6-86  29.250 23.550 258 183 _29
TOTALS 1281 958 25

Notes: (1) A preset 35 cb unit was originally installed.
(2) Power to system was off from 9-24-86 to 9-30-86.
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Table 8.6

Oakland Field Investigation Data - Watermark

ELAPSED ELAPSED
TIME FROM TIME FROM
LAST LAST
CONTROLLER VALVE CONTROLLER VALVE PERCENT
DATE READINGS READINGS READING READING REDUCTION
{HOURS) {HOURS) (MINUTES) (MINUTES)
7-23-86 1.350 0.375 -—- -—= -
7-31-86 3.000 0.675 99 18 82
8-13-86 5.775 2,150 167 89 47
8-20-86 7.100 2.475 80 20 75
8-28-86 8.250 3.250 69 47 32
9-11-86 10.600 5,600 141 141 0
9-15-86 11.250 6.250 39 39 0
9-24-86 12,600 6,575 8l 20 75
9-30-86 12.600 6.575 0 0] 0
10-16-86 17 .650 6,600 303 2 99
11- 6-86 21.700 7.150 243 33 86
TOTALS 1222 409 67
‘Notes: (1) Moisture Tevel set at 60 cb on 7-23-86.
(2) Moisture level raised to 35 cb on 8-20-86.:
(3) Power to system was off from 9-24-86 to 9-30-86,

wivw . laslio.com

53


http://www.fastio.com/

Table 8.7
Oakland Field Investigation Data - Hydrodyne

: ELAPSED ELAPSED
- TIME FROM TIME FROM
LAST LAST
CONTROLLER VALVE  CONTROLLER VALVE PERCENT
DATE READINGS READINGS READING READING REDUCTION
(HOURS)  (HOURS)  (MINUTES) (MINUTES)

7-23-86  6.525 3.425 --- -—- -
7-31-86  8.050 4,450 92 62 33
8-13-86  10.500 5.300 147 51 65
8-20-86 11.675 5.550 71 15 79
8-28-86  13.100 6.050 86 30 65
9-11-86 14,600 6.650 90 36 60
9-15-86  15.200 6.975 36 20 44
9-24-86  16.400 7.200 72 14 81
9-30-86 16,400 7.200 0 0 0

10-16-86  20.950 7.450 273 15 95

11-06-86 ——- -—- -- -- -
TOTALS 867 243 72

Notes: (1) Moisture Tevel set at 45-55 percent on 7-23-86.
(2) Power to system was off from 9-24-86 to 9-30-86.
(3) Sensing unit inadvertently damaged by roadway crews
during October.
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Table 8.8

Oakland Field Investigation Data - Control

CONTROLLER  ELAPSED

AND TIME
VALVE  FROM LAST
DATE READINGS  READING
(HOURS)  (MINUTES)
7.23-86 0.000 —
7-31-86 0.550 33
8-13-86 2.000 87
8-20-36 3.325 80
8-28-86 4.375 63
9-11-86 6.075 102
9-15-86 6.750 a1
9-24-86 8.150 84
9-30-86  8.150 0
10-16-86  13.600 327
11-06-86  17.700 246
TOTAL 1,063

Notes: (1) Power to system was off from 9-24-86 to 9-30-86.
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MOISTURE SENSOR IRRIGATION TIMES
Oakland Field Investigation
July 23 - November 6, 1986
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additional irrigation time should have occurred, however, the overall
savings at the end of the test period still indicated a 67 percent reduc-
tion. Although the soil appeared dry, the vegetation appeared healthy.

The Hydrodyne moisture sensor was originally set at a 45-55 percent moisture

- level and remained at this setting through out the testing period. As pre-
viousiy mentioned, the sensing unit was unearthed sometime in late October
or early November by litter removal crews. Therefore the last reading of
value would be the October 16 reading. At this time the sensor had allowed
only 243 minutes of frrigation of the 867 minutes allotted by the control-
ier (Table 8.7). As with the Water mark location, the soil appeared dry but
the vegetation did not appear damaged or stressed. The overall savings at
the end of the test period indicated a 72 percent reduction.

The control section was used as a comparison with the other test sections.
From Figure 8.12 it can be seen that the allotted time remained constant
except during the end of September and the first two weeks of October. A
total of 1063 minutes was allotted to the control section during the course
of the investigation.

Visual inspections of the test areas were conducted through out the investi-
gation. Previous to the investigation, several specific areas had died off
as a result of improper sprinkler coverage, but at no time during the
testing period did any of the vegetation appear to have been stressed or
damaged even though the soil at the Watermark and Hydrodyne test sections
was dry.

8.2.4 Discussion of Results

A1l three sensors showed encouraging results as to their usage within a
highway landscape environment. There were no installations, operation or
maintenance related problems encountered with any of the units during the

investigative period. Water savings were noted in all three sensors when
compared to that of the control section. Unlike that of the Sacramento
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field investigation, thé allotted times of all three test sections at the
Oakland field site were relatively consistent.

Figure 8.13 shows it can be seen that all three sensors allowed for less
water usage then did the control section. The Hydrovisor sensor, showing
the Teast amount of savings still produced a 25 percent reduction over the
allotted time. The Watermark and Hydrodyne posted 67 and approximately 70
percent reductions respectively. Although no visible signs of hydration
were noted to have occurred at either the Hydrodyne or Watermark test
sections, the soil was dry and if allowed to continue for much longer, might
have incurred enough stress to allow disease to infest the vegetation. It
appears that at the Qakland investigation section, the scheduled amount of
time on the individual irrigation valves was in excess of what is actually

. required by the vegetation. If sensors were installed, savings over the

existing schedule of up to 50 percent could be expected. Unlike that of the

‘Sacramento field investigation, the allotted times of all three test

sections at the Oakland field site were relatively consistent,
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9. GUIDELINES

The following guidelines are for the use of one moisture sensor per

irrigation valve.

1) Determine which valves are to receive moisture sensors.

Moisture sensors can be used with any electrically operated, 24-volt
irrigation valve with any kind of distributions system, i.e., overhead
impact, bubbler, drip, etc. Moisture sensors must be located within
the watering area of the valve with which it is to be connected.

Certain areas may not be suitable for the installation of moisture
sensors, These include locations where the valve and sensor are
separated by the roadway or sidewalk, and irrigation systems in which
booster pumps are utilized. Not all pump systems will be affected,

however, a site investigation must be conducted to determine if
excessive or insufficient pressure will be generated if several of the
valves within the system remain closed.

2) Determine location for moisture sensor,

- www.fastio.com

Overhead impacts: Select a Tocation in which the soil is neither
extremely wet nor dry and will receive the maximum amount of sunlight
exposure. 0On siopes, locate sensor as high as feasible while staying
within a sprinkler overlap area. On level ground, locate the sensor
in an overlap area and in a location where water will not accumulate
or collect. '

Drip and bubbiers: Locate sensor in an area which will receive water
from the emitter but do not place it directly under emitter orifice.
Select an area which will receive the maximum amount of sunlight
exposure.
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" 3)" Determine depth of sensor.

For proper moisture sensor operation and plant development, the depth
at which the sensor is originally installed is most critical. In
general, the recommended depth is 1/3 to 1/2 the root zone depth, with
a two-inch minimum. However, the depth will vary with plant type, age
of plant and past watering practices. For example, for newly planted
vegetation, shallowed-rooted plants and areas that have historically
only been shallowly irrigated, the sensor depth will need to be near
the surface, so as not to over stress the vegetation. As the root
zone begins to develop and deepen the sensors might need to be Towered
to stay at the proper root depth.

Contact the Office of Highway Maintenance or Landscape Architecture
for recommendations.

4) Determine which moisture sensors are to be used.

This depends upon personal preference (see Tables 7.2, 7.4 and 7.5 for
information on installation maintenance and overall rating of the
sensors). All three sensors investigated in the study provided
satisfactory results.

5) Installation procedufes.

Sensor burial and wire size shall conform to manufacturers
recommendations.

Electrical connections shall conform to manufacturer's
recommendations.,

Backfill material around sensor shall be the removed native soil, free

of rocks and stones, and shall be firmly compacted to prevent puddling
or ponding of water.
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A1l splices shall be underground, water-tight connections.
A1l wires shall be buried a minimum of 12 inches.

The instaitation of two 24-volt timers used to monitor the controller
allotted and valve activated times is recommended but not required.
This information is useful in determining water savings and detecting
electrical problems with controllers or sensors.

The installation of an override switch is required if the Watermark
moisture sensor is being used.

Mark the exact location of the sensors and wire connections on the
irrigation maps located inside the controller cabinets. Make a copy
and keep in the landscape maintenance field office.

6). Adjustment of moisture sensoré.

Adjustment of the sensor is site specific and depends upon the soil
type, density and permeability. If installing:

Watermark; using the 34 c¢b setting is normally adequate for most soil
types, or use the 15 cb setting for sandy soils or the 60 cb for heavy
clay soils, After allowing for several irrigation cycles, inspect the
area and adjust moisture settings up or down, if required. If after
adjusting the settings, the soil is still too wet or dry, adjust the
controller allotted or if the situation dictates physically relocate
the sensor up or down.

Hydrovisor; install appropriate sensor taking into account the soil
properties, The 20-30 cb sensor is adequate for most types of soil.
Consider using the 8-12 cb sensor in sandy soils or 40-50 c¢b model in’
heavy soils. If further adjustments are required, change times on
controilers or relocate sensor.
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“ Hydrodynes once the sensor is installed, determine the existing soil

moisture reading from meter and adjust high and low settings accord-
ingly, following the manufacturers instructions. Use a 5 to 10
percent differential between the high and low settings. The greater

_the difference, the drier the soil will become between irrigation

cycles.

7)° Check sensor for proper operation.

Once instaliled and initially adjusted, verify the operation of the
sensor, If the sensor is dry and the valve is activated irrigation
should commence. Turn controller off and wet sensor by pouring water
over area in which sensor is buried. Recheck by actuating valve
station. It should not come on. Switch sensor to override mode and
irrigation should begin. If the sensor is already wet, activate
valve. The sensor should not allow for irrigation to begin. Then
switch the sensor to the override position which should allow watering
to begin. If this occurs, all is operating properly.

Be sure to set override switch back to the operational mode.

8} Adjustment of controllers.

If an adequate and proper irrigation schedule has previously been
developed and employed for each valve, there should be no need to
change the times on-the controller.

9) Maintenance of sensors.

ClihPDF - wyaw.fastlio.com

Once the initial adjustment of the sensors has been completed and if
the sensors are properly installed, there should be no special mainte-
nance requirements. However, maintenance personnel should inspect )
sensors periodically as they would other irrigation equipment.
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APPENDIX A

SOIL MOISTURE SENSOR INFORMATION
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SOIL MOISTURE BLOCKS

Constructed of stainless steel electrodes encased in a porous gypsum block

approximateTy 1 inch in diameter by 1-1/4 inch long. The Soil Moisture

Blocks are designed to have a life expectancy of 3 to 5 years under normal

. conditions. They give readings of the impedance (resistance and reactance
measured in ohms) of the block via a Soil Moisture meter., A scale provided
converts the readings into a soil suction equivalence measured in centibars,
ranging from field capacity to 300 cb. The buffering action of the gypsum
compensates for varying salinity conditions.

The blocks can only be used for soil moisture readings and can not be
connected to the irrigation valves or controllers to requlate the amount of
water required by the vegetative plantings.

IRROMETER

Operating on the tensiometer principle, the Irrometer consists of a water
filled plexiglass tube with a porous ceramic tip, measuring soil suction.

As the surrounding soil begins to dry out, water is extracted through the
tip creating a partial vacuum inside the tube, which is measured on a gauge.
An electrical switch attached to the gauge can be used to automatically
override an irrigation valve when a sufficient moisture level is detected.

Two limitations of the use of not only the Irrometer but also other water
filled tensiometers is that 1) they are affected by extremes in temperatures
(both freezing and extreme heat), and 2) they operate best under moist soil
conditions, If the soil in which the sensors are buried is kept relatively
. dry, as is a majority of Caltrans landscaped areas, the sensitivity of the
sensors is reduced and if the water inside the tube is drawn out, the sensor
Toases its vacuum and requires refilling hefore becoming functicnal again.

A-2
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" WATERMASTER

A water filled tensiometer soil moisture indicator, the Hatermaster sensor
may also be used to automatically override an irrigation valve. The
Watermaster's vacuum gauge has a capability of reading from field capacity
tb‘IOO cb with greatest accuracy on the Tow or wet end of the scale. The
irrigation switching point can be manually set at any desired level within
its reading range. Tube lengths vary so that moisture readings at any depth
may be taken.

AQUASCAN

The Aquascan moisture sensor is a complete microprocessor unit, equipped
with 16-station controller and 16 sets of sensing probes. At each station
or valve, the amount o% resistance is measured between the set of buried
prbbes with the information being relayed directly into the microprocessor
unit to determine if irrigation is required. The microprocessor has the
capability of a fully adjustable range of moisture settings for each set of
probes, however, the actual moisture level reading is not obtainable with
this unit.

WATERMATIC

Contained in a i inch by 2 inch by 4 inch chemically inert porous ceramic
block, the Watermatic moisture sensing elements respond to the capillary
tension of the water in the soil. As the surrounding sojl begins to dry,
tension develops. When the preset stress level is reached the sensor
switches on allowing irrigation to begin. Three separate preset stress
levels are available (5-10, 10-20, and 20-50 Kpa; 1 Kpa = 1 cb), with no
means of adjustment.' Proper placement of the sensor in the landscaped area
and adjustment of the irrigation controller timing should alleviate the Tack
of adjustment problems,. '

Wy fastio.com
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WATERMARK

The Watermark moisture sensor, is a resistance-type sensor which measures
the amount of resistance between two electrodes encapsulated in a 3/4 inch
diameter by 2-1/2 inch high porous medium. Readings from the sensors can be
directly taken with the use of a meter (passive measurement), or an elec-
tronic switching module can be connected to the sensor which is used to
automatically override an irrigation valve (active measurement). The elec-
tronic module is capable of being set at one of three preset Tevels (15, 35,
or 60 ch). This eliminates some of the problems that may be encountered
with having to relocate the sensor if a too wet or too dry situation

occurs,

HYDROVISOR

Operating on the same principle as the Irrometer and Water master, the
Hydrovisor reacts to the changes in the tension in the soil., The major
difference between Hydrovisor and the other tensiometer sensors is that the
Hydrovisor's porous ceramic tip is filled with spherical glass beads of a
specific size. As the water is extracted from the tip via soil suction, the
sensing mechanism switches on allowing for 1rrigaﬁion. Similar to the
Watermatic sensors, three preset stress levels (8-12, 20-30, and 40-50 cb}
are available with no means of adjustment, but again proper placement and
controller timing should alleviate any problems. An override switch is
available.

HYDRODYNE

Neither a tensiometer nor an electrical resistance measurer, the Hydrodyne
moisture sensing unit was designed to detect the amount of water present in
the soil, With 200 tiny "eyes" embedded into the 3/4 inch by 1 inch by
4-1/2 inch Hydrosensor, the percentage of the surrounding soils pore space )
that is occupied by water is monitored. The sensor is connected to a Hydro-
dyne unit where the decision making electronics are Tocated. A meter is
used to read the fully adjustable upper and Tower moisture settings and the
existing soil moisture level, read on a scale from 0% (no water) to 100%
(total saturation).

A-4
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MOISTURE MISER

With a similar concept as to that of the Hydrodyne, the Moisture Miser also
réads the quantity of‘water in the soil as opposed to the soil suction or
electrical conductivity. The sensor detects the quantity of water in con-
tact with its surface and relays the information to a switching unit which
will either allow the irrigation valve to turn on or remain off depending
upon the circumstance. Adjustment of the unit is possible, however, a meter
is not_ available to determine where the moisture setting is or what the
current moisture reading is.

HYDROMASTER

" The Hydromaster moisture sensor works on the principle of measuring the

amount of hydrogen ions present in the soil, the more hydrogen ions the
wetter the soil, the fewer the ions the drier the soil., An adjustable
moisture level control is included which is able to measure from 125 to 2000
milliliters of water per linear cubic (12 by 12 by 6 inches}. However, a
moisture level meter is not available to either read the current settings or
current moisture level in the soil.
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APPENDIX B

DATA FROM LABORATORY
PROTOTYPE SYSTEM
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PLANT 1
1)
Soil Moisture Blocks
1-4 1',B I 1-D 1-E 1-F
DATE\DEPTH 8° 12* 70° B' 12" 20° 8' 12* 20° @' 12' 20" ' 12% 20* @' 1% 3¢

10-15-85 201586 B 111 228 334 80 87 240 31 9 63 24 B 2% 20 12 9
18-21-85 91588 * 91 238 280 57 94 220 27 9 48 28 Y 558 28 17 12
673 121 + Ml Te £ S A ¥ 9 oN R LR EJE
6-28-85 12 B " 91 138 208 55 69 165 31 5 29 22 * eg@ 16 12 9
9-20-85 16 * * 75 185 208 42 66 162 27 9 48 22 Y 1568 12 12 14
1-91-85 12 * Y B2 192 200 45 68 158 29 13 61 22 * 1588 16 16 12
1-84-85 -16 * * 63 173 192 22 55 154 29 9 4§ 22 * 16 16 16
11-66-8% 16 * * 57 165 192 22 47 146 29 5 S8 22 * ¢ 15 16 16
11-68-85 16 * * 68 154 192 22 42 131 3 5 61 25 ¢ 20 16 16
-12-85 20 % * 27 119 185 22 22 i@ 27 9 48 27 * v 29 20 20
1-13-85 22 *+ *+ 28 181 25 25 93 22 9 58 25 28 16 20
-15-85 22 * * 31 52 158 25 25 77 25 12 61 28 * v 2 2% 28
1-18-85 28 * 22 48 22 23 66 25 9 68 25 ° Y26 20 20
11-20-85 B * * 33 38 69 25 25 65 27 9 83 27 2 2 2
1-22-85 °* ’ * 3% 40 58 25 25 61 27 12 &9 ¢ T2 2 20
1-25-85 * Loor 22 029 31 22 28 53 25 9 45 28 * Y 23 78 29
1-27-85 * v * 27 29 28 20 22 47 25 9 @@ 2% * T 29 16 28
2-82-85 ’ 20 25 22 16 29 38 29 16 66 25 * v 28 28 2
12-64-85 * ¢ o2 25 25 2 25 31 2 16 86 25 * 16 16 28
12-06-85 ° . Y220 25 25 20 25 27 22 16 68 25 * * 1 2 2
12-99-85 ° ' v o550 25 22 28 25 22 27 I8 25 ¢ 20 28 22
12-11-85 * ' . 27 25 2 27 2 25 2 91 27 0 * 2 23 2
12-13-85 * ¢ v 27 25 22 27 22 27 22 87 29 » 25 25 25
12-16-85 * ' o0 27 25 2% 029 25 27 25 91 29 + v 35 25 2§
12-18-85 : ' : Y29 25 25 33 25 27 25 %93 ;U 0 v 2 2 %
12-23-85 Iy * 29 25 25 33 25 27 22 9% R ¢ 25 25 2%
12-26-85 * ¢ ' *29 25 25 27 2% 29 22 98 ¢ ' =25 25 25
12-27-85 * * *oo®f 29 25 27 27 27 M9 2% 49 ° h * 25 25 25
12-31-85 *+ * ' ro27 % % 2% 2% 27 2 12 ° ' v 25 25 22
1-02-86 * . Yo 22 2 029 2 25 22 60 ° ' 2 o2 »
1-83-86 * * * 27 22 22 03} 22 25 24 65 * v % 29 2
1-97-86 * ° ’ 025 20 20 25 29 25 16 63 ¢ ! ool 8 22
1-89-86 * * ¢ * 025 20 20 27 28 25 12 69 *+ ¢ vt % 16 22
1-16-86 * * . v 27 2 2 29 20 5 16 6@ * v 22 20 25
1-12-86 * * ' * 2 22 22 31 22 27 6 66 T ¢ o2 2 2
1-16-86 * v * 25 22 22 29 22 25 6 68 ¢* . v 2 X2
1-17-86 ¢ * ' *25 22 22 29 28 25 16 65 t* ¢ * 16 26 28
1-21-86 * ¢ ' ¥oo25 2 2 27 20 25 28 65 ° ' v 15 2
1-23-86 * * ' * 25 20 28 29 20 22 16 65 *+ ¢ * W 2 24
1-24-36 * ¢ ’ 25 20 22 29 20 25 16 68 “* ¢t 29 28 26
1-27-86 = * ' B R RN N W OB/ 1 el v v B RN
2-4-86 * ¢ 25 20 20 20 18 22 20 63 ° oo 16 12 29
2-96-86 * . ¢ T 25 28 28 25 20 25 20 66 " roo22 8 22
2-87-86 * LA 25 20 22 25 20 22 20 6% * rooT 22 2 2B
2-10-86 " ' vy 27 2 2 027 208 27 2 710t ! 22 2 25
2-11-86 " ' . ' 25 28 22 29 22 25 20 68 * ' ' 22 28 25
2-14-86 " ' v v 22 20 28 25 208 25 22 75 * . 8 12 22
2-24-86 * oo 22 0208 29 25 20 29 20 75 ° £ 9 12 22
2-26-86 * ’ v 2% 16 16 22 16 22 1 72 " ' . 16 12 16
2-20-86 °* £ o 22 20 20 27 28 22 18 T4 ° P 2% 15 20
1-03-86 * N . . 22 16 16 27 16 28 18 77 ¢ ' ! 6 16 16
J-05-86 ¢ * ot * 20 1 16 25 16 28 16 75 ° T *r 16 18 16
3-06-86 ° " b . 20 12 16 27 12 28 16 * ' ' 16 16 16
3-12-86 * ' * 32 20 2@ B 16 22 20 119 T 16 16 22
3-14-86 * ¢ ’ 22 16 20 * 16 25 20 123 " . . 28 16 22
J-17-86 * * ! ' 22 20 20 * 16 25 28 1lggs ° ! * 28 20 22
3-20-86 * ¢ . 22 16 22 * 1p 22 20 184 * ' . 16 16 20
3-24-36 * * ' * 22 16 2@ * 16 20 lp 123 v 12 16 16
3-26-86 * ' ' * 2 16 2 ° 16 22 28 123 ° ' ' 16 16 16
B = Broken

(1) All units are centibars
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PL.%&S‘ 1
) Soil Moisture Blocks
1-A 1-B 1-C 1-D 1-E 1-F

. DATE\DEPTH 8* 12" 2¢* g% 12* 29" 8" 12" 28" §* 12* 24" @&* 12" 26" @* 12* 28'
3-28-86 B B B B 22 16 20 B 16 20 16 119 B B B 16 16 12
3-31-86 * ¢ * ¢ 2% 16 22 % 12 20 20 127 * "* * 12 16 12
4-92-86 * - * * ¢ 9 12 2 * 12 20 29 131 * * ' 16 16 16
4-94-86 * * v 7 16 28 " 12 28 16 135 * * * 1p 16 12

- 4-99-6 * * * * 12 12 20 * 12 20 28 135 * * ' 1 18 12
4-11-86 * * *+ * 12 16 26 " 12 20 20 v 15 16 12
4-14-86 * * * * 12 20 22 ' 16 20 2¢ MR- * * * 2@ 20 1§
4-18-86 * * * v 12 28 22 * 16 286 22 L R BL B T
4-21-86 ¢+ * v 20 20 * 12 2 2¢ 119 * * * 16 16 12
4-24-86 * *+ * ¢ 9 16 25 * 112 25 22111 * * * 16 16 16
4-28-86 * * * * 1§ 1 33 Y 12 27 20 le¢ * * 9 12 12
4-20-86 * r v * 29 22 52 * 12 3 2 i1 * * * 1 18 9
5-91-86 * * ' v 29 20 68 * 12 3 22 115 * * * 12 12 %
5-93-86 * * v v 22 22 33 ' 1§ 45 27 133 * * * 16 16 9
S-g6-86 * * * v 27 25 e * 12 27 7 13 ** * * 28 16 9
5-09-¢¢ * *+ * v 3 27 * 12 27 27 13 0+ * * 1§ 25 9
>-12-86 * * * " %@ 49 123 * 12 25 27 111 *+ v * 1p 12 5
5-14-86 * - * * 58 48 158 * 12 22 25 1g¢4 * * * 16 5 5
5-19-86 * r* * * 71 75 165 * 16 28 285 115 * * * 29 12 9
‘3-23-86 * * * ' B4 98 £ 28 22 27 % * * *+ 2 12 1
3-27-86 * + +* ' 98 115 19¢ * 20 22 29 113 » *+ * 12 12 1
6-92-66 * * ' ¥ 138 165 23¢ " 36 46 8 142 * * * 15 B 1
6-84-86 * " v v 54 181 278 " 49 6L 146 * * * 27 ¢ 9
6-09-86 * * * v 173 228 286 * 53 55 111 154 * * * g * 71
8 = Broken .

units are centibars.
(1) All unit tib B-4
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811 units are centibars.
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